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Abstract 

Background Breast cancer-related leptomeningeal disease (BC-LMD) is a dire diagnosis for 5–8% of patients 
with breast cancer (BC). We conducted a retrospective review of BC-LMD patients diagnosed at Moffitt Cancer Center 
from 2011 to 2020, to determine the changing incidence of BC-LMD, factors which are associated with the progres-
sion of BC CNS metastasis to BC-LMD, and factors which are associated with OS for patients with BC-LMD.

Methods Patients with BC and brain/spinal metastatic disease were identified. For those who eventually developed 
BC-LMD, we used Kaplan–Meier survival curve, log-rank test, univariable, and multivariate Cox proportional hazards 
regression model to identify factors affecting time from CNS metastasis to BC-LMD and OS.

Results 128 cases of BC-LMD were identified. The proportion of BC-LMD to total BC patients was higher 
between 2016 and 2020 when compared to 2011–2015. Patients with HR+ or HER2 + BC experienced longer 
times between CNS metastasis and LMD than patients with triple-negative breast cancer (TNBC). Systemic therapy 
and whole-brain radiation therapy (WBRT) was associated with prolonged progression to LMD in all patients. Hor-
mone therapy in patients with HR + BC were associated with a delayed BC-CNS metastasis to LMD progression. Lapa-
tinib treatment was associated with a delayed progression to LMD in patients with HER2 + BC. Patients with TNBC-
LMD had shorter OS compared to those with HR + and HER2 + BC-LMD. Systemic therapy, intrathecal (IT) therapy, 
and WBRT was associated with prolonged survival for all patients. Lapatinib and trastuzumab therapy was associated 
with improved OS in patients with HER2 + BC-LMD.
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Introduction
Leptomeningeal disease (LMD) is a dreadful complica-
tion occurring in approximately 5–8% of patients with 
breast cancer (BC) [1]. Median overall survival (OS) 
in untreated patients with LMD including from BC is 
approximately 1  month [1, 2]. Aggressive treatment in 
breast cancer-related leptomeningeal disease (BC-LMD) 
can extend OS to 3–4 months, although this is BC sub-
type-specific [3, 4]. Beyond receptor subtype stratifi-
cation and examining the efficacy of HER2-targeted 
therapy, only a few studies have attempted to identify the 
clinical characteristics of BC-LMD [5–7].

An earlier diagnosis of LMD is important to improve 
patient survival and enrollment in clinical trials. How-
ever, Magnetic Resonance Imaging (MRI) has a wide 
variability to accurately diagnose LMD [8], and the cur-
rent gold standard of a positive CSF cytology has a very 
low sensitivity (< 50%) and positive predictive value [9]. 
To optimize the diagnostic yield beyond traditional CSF 
cytology, assays that detect circulating tumor cells and 
cell-free DNA have been developed over the past decade, 
but the clinical use of these new techniques to diagnose 
and treat LMD has not yet been defined [10].

Breast cancer in the central nervous system (BC CNS) 
has been under-recognized, with the real epidemiologi-
cal data likely under-reported, especially for those who 
develop BC-LMD [11]. A concerted effort to identify and 
treat BC-LMD at Moffitt Cancer Center (MCC) began 
around 2015 and is currently ongoing. This study aims to 
determine if the incidence of BC-LMD at MCC is chang-
ing over time, what factors may impact progression of BC 
CNS metastasis to LMD, and what factors may affect the 
OS for patients with BC-LMD.

Methods
This project was approved by the Scientific Review Com-
mittee and Institutional Review Board at MCC (MCC 
#21,524). A retrospective review of medical records was 
conducted to identify patients diagnosed and/or treated 
at MCC with BC and who also had a diagnosis of CNS 
metastases between January 1, 2011 and December 31, 
2020. Only patients with confirmed diagnosis of BC and 
LMD were included. LMD diagnosis was confirmed with 
CSF cytology and/or MRI. Patients were excluded if the 
LMD diagnosis was based solely on clinical suspicion, if 
confirmatory MRI or CSF cytology was not available in 

the medical record, or if there was another malignancy 
which might seed the leptomeningeal space.

Data collection
Demographics, BC receptor subtype, dates of BC/CNS 
metastasis/LMD diagnoses, and dates of censorship/
death were collected. Method of diagnosis, treatments 
prior to and following CNS metastasis, and treatments 
following BC-LMD were also collected.

Statistical analysis
Descriptive statistics including frequency, percentage, 
median, and range were calculated for patients’ demo-
graphics and clinical characteristics. Differences in 
continuous variables between patient groups were statis-
tically tested using the Kruskal–Wallis tests. The associa-
tions between categorical variables and endpoints were 
evaluated using Chi-square test or Fisher’s exact test.

Median time between CNS metastatic disease and 
LMD, and OS post-LMD were estimated using the 
Kaplan–Meier method. Univariable Cox proportional 
hazards regression analysis was used to estimate hazard 
ratios and their 95% confidence interval (CI). Significant 
variables at univariable analysis were subsequently tested 
in multivariable Cox regression analysis. Univariable 
analysis comparing patients who received a therapy ver-
sus those who did not receive the same therapy includes 
all patients who received this therapy, some of whom 
may have received more than one therapy. All reported 
p values were two—sided, and significance level was 0.05 
(p < 0.05). Analyses were performed using R version 4.1.0.

Results
Cases and Demographics
One-hundred-twenty-eight patients were identified 
who met radiographic and/or CSF cytology criteria 
for BC-LMD diagnosis. Forty patients were identified 
between 2011 and 2015, whereas 88 patients were iden-
tified between 2016 and 2020 (Fig.  1A). The proportion 
of BC-LMD patients to total BC patients was signifi-
cantly higher between 2016 and 2020 when compared to 
2011–2015 (p = 0.0168, Fig.  1B). The median age of BC 
diagnosis was 51 years [22–79 years]. The median age of 
CNS metastasis diagnosis was 53 years [26–81 years] and 
median age of LMD diagnosis was 54 years [27–83 years].

Of the 128 patients with BC-LMD, 66 had HR + BC 
(52%), 34 had HER2 + BC (26%), and 28 had TNBC BC 

Conclusions Increasing rates of BC-LMD provide treatment challenges and opportunities for clinical trials. Prospec-
tive trials testing lapatinib and/or similar tyrosine kinase inhibitors, IT therapies, and combination treatments are 
urgently needed.
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(22%). Median age at BC diagnosis significantly dif-
fered between all three groups (HR+: 55 years, [25–76]; 
HER2+: 50.5 years, [22–79]; TNBC: 45.5 years, [24–69]; 
p = 0.0348). The median age at LMD diagnosis between 
disease subtypes significantly differed (HR+: 58.5  years, 
[27–79]; HER2 + : 53.5  years, [29–83]; TNBC: 48  years, 
[27–70]; p = 0.0023).

Out of all the patients identified, 100 (78%) had sys-
temic metastasis prior to the diagnosis of LMD, and 

114 (89%) had CNS metastasis prior to the diagnosis 
of LMD. Patients with HR+ and HER2 + BC were more 
likely to develop systemic metastasis prior to the diag-
nosis of LMD when compared to patients with TNBC 
(i.e., 86% and 79%, respectively, versus 57%; p = 0.007). 
All three patient cohorts were equally likely to develop 
CNS metastatic disease prior to the diagnosis of LMD. 
Patients’ demographic data is summarized in Table 1.

Fig. 1 A Total number of BC-LMD cases seen at Moffitt Cancer Center between 2011 and 2020, by breast cancer subtype. B The proportion 
of BC-LMD patients to total breast cancer patients seen at Moffitt Cancer Center between 2011 and 2015 and 2016–2020. A significantly higher 
proportion of (BC-LMD patients)/(Total Breast Cancer Patients) was observed in the latter half of the decade (p = 0.0168). HR + Hormone Receptor 
Positive; HER2 + Human Epidermal Growth Factor Receptor 2-Positive; TNBC Triple Negative Breast Cancer; BC-LMD Breast Cancer Leptomeningeal 
Disease

Table 1 Demographic data for all patients diagnosed with BC-LMD at Moffitt Cancer Center between 2011 and 2020

BC Breast Cancer; HR + Hormone Receptor Positive; HER2 + Human Epidermal Growth Factor Receptor 2-Positive; TNBC Triple Negative Breast Cancer; CNS Central 
Nervous System; LMD Leptomeningeal Disease; MRI Magnetic Resonance Imagining; CSF Cerebrospinal Fluid

Total HR + HER2 + TNBC

Number of patients 128 66 34 28

Median age at BC diagnosis 51 [22, 79] 55 [25, 76] 50.5 [22, 79] 45.5 [24, 69]

Median age at CNS metastasis 53 [26, 81] 55 [38, 68] 52 [32, 81] 47 [26, 66]

Median age at LMD diagnosis 54 [27, 83] 58.5 [27, 79] 53.5 [29, 83] 48 [27, 70]

Race

 Black 12 (9.3%) 7 (11%) 1 (2.9%) 4 (14%)

 Other 21 (16%) 10 (15%) 6 (18%) 5 (18%)

 White 95 (74%) 49 (74%) 27 (79%) 19 (68%)

Stage at BC diagnosis

 <=2 43 (34%) 21 (32%) 10 (29%) 12 (43%)

 =>3 77 (60%) 41 (62%) 22 (65%) 14 (50%)

Systemic metastasis 100 (78%) 57 (86%) 27 (79%) 16 (57%)

CNS metastasis 114 (89%) 56 (85%) 31 (91%) 27 (96%)

MRI only confirmed LMD diagnosis 70 (55%) 40 (61%) 19 (56%) 11 (39%)

MRI + CSF confirmed LMD diagnosis 54 (42%) 25 (38%) 14 (41%) 15 (54%)
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Factors affecting time between CNS metastasis diagnosis 
and LMD diagnosis
Only patients who had at least a one-month gap between 
CNS metastasis and LMD diagnoses were included in 
this analysis. This stratification ensured that only patients 
with discrete non-LMD CNS metastasis diagnosis and 
LMD diagnosis were analyzed in this comparison. Of 
the 48 BC-LMD patients that met this criterion, 19 had 
HR + BC (40%), 19 HER2 + BC (40%), and 10 TNBC 
(20%). Demographics for these patients is summarized 
in Table 2, and post-CNS metastasis/pre-LMD treatment 
data is summarized in Additional file 1: Table S1.

Patients with HR + BC and HER2 + BC experienced 
longer time between BC-CNS metastasis to BC-LMD 
diagnosis compared to patients with TNBC disease 
(Fig.  2A, p = 0.018). Patients who received systemic 
treatments post-CNS metastasis experienced a longer 
time to LMD diagnosis (12.5  months [8.6, 20.8)] com-
pared to patients who did not receive systemic therapy 
(4.3  months [3.6, 10.2]; Fig.  2B, p = 0.0053). Further-
more, patients who received WBRT post-CNS metas-
tasis diagnosis had a median time to LMD diagnosis of 
14.1  months [10.5, 27.1], while patients who did not 
receive WBRT had a median time of only 5.3  months 

Table 2 Demographic data for patients with at least one month between the CNS metastatic disease diagnosis and the BC-LMD 
diagnosis

BC Breast Cancer; HR + Hormone Receptor Positive; HER2 + Human Epidermal Growth Factor Receptor 2-Positive; TNBC Triple Negative Breast Cancer; CNS Central 
Nervous System; LMD Leptomeningeal Disease; MRI Magnetic Resonance Imagining; CSF Cerebrospinal Fluid

Total HR + HER2 + TNBC

Number of patients 48 19 19 10

Median age at CNS metastasis 50.5 [26, 81] 51 [38, 68] 52 [32, 81] 47.5 [26, 66]

Median age at LMD diagnosis 51.5 [27, 82] 52 [39, 70] 53 [37, 82] 48 [27, 68]

Race

 Black 3 (6%) 1 (5.3%) 1 (5.3%) 1 (10%)

 Other 5 (10%) 3 (16%) 2 (11%) 0 (0%)

 White 40 (83%) 15 (79%) 16 (84%) 9 (90%)

Stage at diagnosis

 <=2 17 (35%) 6 (32%) 6 (35%) 5 (50%)

 =>3 29 (60%) 13 (68%) 11 (65%) 5 (50%)

MRI only confirmed LMD diagnosis 28 (58%) 14 (74%) 10 (53%) 4 (40%)

MRI + CSF confirmed LMD diagnosis 20 (42%) 5 (26%) 8 (42%) 6 (60%)

Fig. 2 Kaplan–Meier estimates for factors affecting time between CNS-metastasis diagnosis and BC-LMD diagnosis. A Patients with TNBC 
experienced a significantly shorter median time between breast cancer CNS-metastasis diagnosis and BC-LMD (4.3 months) compared 
to HR + (9.1 months) and HER2 + (10.5 months) patients. B Patients that received systemic therapy experienced a longer median time between CNS 
metastasis and BC-LMD (12.5 months) than patients who did not receive any systemic therapy (4.3 months). C Patients that received WBRT had 
a longer median time between their CNS metastasis and BC-LMD diagnosis (14.1 months) compared to patients that did not receive WBRT 
(5.3 months). HR + Hormone Receptor Positive; HER2 + Human Epidermal Growth Factor Receptor 2-Positive; TNBC Triple Negative Breast Cancer; 
LMD Leptomeningeal Disease; WBRT Whole Brain Radiation Therapy
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[3.6, 9.9] between their CNS metastasis and LMD diag-
noses (Fig. 2C, p = 0.018).

Patients with HR + BC who received any hormone 
therapy had significantly longer times between their 
CNS metastasis diagnosis and LMD diagnosis (Addi-
tional file  2: Fig. S1A, p = 0.0005). More specifically, 
HR + patients that were treated with letrozole had a 
longer time to LMD diagnosis from CNS metastasis 
diagnosis (Additional file 2: Fig. S1B, p = 0.0007). Simi-
lar trends were observed in HR + BC patients who were 
treated with the aromatase inhibitor exemestane (Addi-
tional file 2: Fig. S1C, p = 0.0015) and CDK4/6 inhibitor 
palbociclib (Additional file 2: Fig. S1D, p = 0.023). Finally, 
the patients treated with mTOR inhibitor everolimus 
also experienced prolonged time between CNS metasta-
sis and LMD diagnosis in HR + BC patients (Additional 
file  2: Fig. S1E, p = 0.0013). Of all these treatments, 
exemestane and palbociclib also showed significance in 
multivariate analysis (Additional file 2: Fig. S1F).

Anti-HER2 therapy lapatinib was associated with 
longer times between CNS metastasis and BC-LMD 
(Additional file 2: Fig. S2, p = 0.026) for HER2 + BC-LMD 
patients (n = 10) when compared to patients of any sub-
type who did not receive this treatment. Unfortunately, 
no systemic therapy was found to be associated with sig-
nificantly longer time between CNS metastasis diagnosis 
to LMD diagnosis in TNBC patients.

Finally, in patients with a prior history of either brain 
tumor excision (n = 21) and radiosurgery (n = 32), no dif-
ferences in the time between CNS metastasis and LMD 
was observed when compared to patients who did not 
receive such treatments (Additional file 2: Fig. S3).

OS with BC‑LMD
Treatment data for patients post-LMD diagnosis is sum-
marized in Additional file  1: Table  S2. Patients with 
TNBC had significantly worse median post-LMD OS 
(2  months, [1.1, 3.4]), when compared to both patients 
with HER2 + (8.4  months [6.5, 14.5]; p = 0.0016) and 
HR + BC (5.3 months, [2.9, 9.3]; p = 0.0097). Survivability 
by cancer subtype is summarized in Fig. 3A.

22 patients did not receive any treatment post-LMD 
diagnosis, and they had a median OS of 1.08  months 
[0.26, 3.00]. Conversely, 106 patients received either 
systemic treatment, IT therapy, WBRT, or some com-
bination of the three post BC-LMD diagnosis, and their 
median OS was significantly higher at 6.54 months [0.21, 
106.96] (p < 0.0001). Median OS by treatment type is 
summarized in Fig. 4.

Fifty patients did not receive any systemic therapy post-
LMD diagnosis, and they had a median OS of 1.8 months 
[1.4, 2.7]. This includes patients who received no therapy 
and those who only received IT therapy and/or WBRT. 

Conversely, 78 patients received systemic therapy post-
LMD (alone or in combination with IT therapy and/or 
WBRT) and they had a significantly improved median OS 
of 7.9 months [5.5, 11.8] (Fig. 3B, p = 0.0002). However, 
19 patients received only systemic therapy post LMD 
diagnosis. Their median OS of 2.93  month was not sig-
nificantly different than patients who did not receive any 
treatment post-LMD (Fig. 4).

Furthermore, 55 patients received IT therapy 
post-LMD diagnosis, and they had a median OS of 
11.8  months [8.2, 14.5]. This was significantly greater 
than the 1.9  month [1.4, 2.7] month median OS of 
patients that did not receive IT therapy (Fig.  3C, p < 
0.0001). Specifically, patients receiving IT methotrexate 
had a 5.5 month longer median OS than patients who did 
not (Fig. 3D, p = 0.0096), and patients receiving IT thi-
otepa had a median OS that was 8.4 months longer than 
those who did not (Fig.  3E, p = 0.0354). Improved OS 
was also observed in the 8 patients who received only IT 
therapy for treatment post LMD diagnosis. Their median 
OS of 11.24 [0.21, 19.27] months was significantly greater 
than the OS of the 22 patients that did not receive any 
therapy post BC-LMD diagnosis (Fig. 4, p = 0.041).

Finally, 61 patients receiving WBRT survived a median 
of 6.5 [4.7, 9.8] months while 67 patients who did not 
receive WBRT survived a median of 2.7  months [1.7, 
5.3] (Fig.  3F, p = 0.0274). However, the OS for patients 
that received only WBRT post-LMD diagnosis was 
1.86  months [0.39, 10.11], which was not significantly 
greater than the OS for patients that received no therapy 
(Fig. 4).

In the context of HR + BC-LMD, 8 HR + patients 
treated with capecitabine post BC-LMD diagnosis 
showed median survival of 14.8 [5.5, N.E.] months while 
HR + patients that did not receive capecitabine showed 
a median survival of 4.0 [2.3, 8.2] months. However, this 
difference was not statistically significant (p = 0.0694). 
Similarly, 11 HR + BC-LMD patients treated with anthra-
cycline showed a median OS of 12.8 (11.8, N.E.) months, 
which was not statistically longer than the median OS of 
HR + BC-LMD patients who did not receive anthracy-
cline treatment (3.6 [2.2, 6.4] months, p = 0.0661). These 
marginally significant results are possibly attributable 
to a low power with small sample size. As noted in the 
collective patient survival data, IT therapy, and more 
specifically IT methotrexate, significantly improved 
OS in patients with HR + BC-LMD when compared to 
patients that did not receive IT therapy/IT methotrex-
ate (Additional file  2: Fig. S4A/B p = 0.0019 and 0.0028, 
respectively).

For patients with HER2 + BC, systemic treatment 
in general, particularly anti-HER2 targeted therapies 
such as trastuzumab and lapatinib, was associated with 
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significantly improved patient median survival (Addi-
tional file  2: Fig. S5A–C, p = 0.015, 0.0261 and 0.0352, 
respectively). HER2 + BC-LMD patients receiving IT 
therapy had an improved median OS by 11.1  months 
when compared to HER2 + BC-LMD patients that 
did not receive IT therapy (Additional file 2: Fig. S5D, 
p < 0.0001). Importantly, all HER2 + patients that 
received IT therapy received IT trastuzumab as a part 
of their treatment regimen.

Although treatment with systemic therapy col-
lectively was associated with enhanced survival in 
patients with TNBC when compared to those patients 
who did not receive systemic therapy (3.4  months vs. 
1.2 months, Additional file 2: Fig. S6A, p = 0.0334), no 
individual therapy was found to be associated with pro-
longed survival in this subset of patients. However, IT 
therapy was found to be associated with increased OS 
in TNBC patients compared those that did not receive 

IT therapy (8.9 months vs. 1.1 months, Additional file 2: 
Fig. S6B, p = 0.001).

Discussion
Data from MCC supports a significant rise in the num-
ber of BC-LMD cases between 2011 and 2020. Greater 
institutional efforts to identify and treat LMD patients 
were made in the latter half of the study period, which 
may have driven the increased in BC-LMD diagnosis. A 
slight trend towards increased proportions of patients 
with TNBC were seen in the current review, but all cases 
increased over the study period. We could not rule out 
the possibility that there is an overall increase LMD inci-
dence due to improvements in the control of systemic 
disease, allowing patients to survive longer and allow-
ing more time for CNS metastases to develop. A previ-
ous study showed that HR status influences the risk of 
developing LMD [12]. This is supported by recent data 

Fig. 3 Kaplan–Meier estimate for factors affecting overall survival in BC-LMD patients. A TNBC-LMD patients had a significantly lower overall 
survival (2 months) when compared to HR + BC-LMD patients (5.3 months) and HER2 + BC-LMD patients (8.4 months). Median survival time 
between HR + and HER2 + BC-LMD patients did not significantly differ. B Patients receiving systemic therapy post BC-LMD diagnosis had 
a significantly higher median survival time (7.9 months) when compared to BC-LMD patients that did not receive systemic therapy (1.8 months). 
C Patients receiving intrathecal therapy post BC-LMD diagnosis had a significantly higher median survival time (11.8 months) when compared 
to BC-LMD patients that did not receive intrathecal therapy (1.9 months). D, E More specifically, overall survival median times were higher 
in patients that received intrathecal methotrexate (8.4 months) and/or intrathecal thiotepa (12 months) versus those that did not (2.9 months; 
3.6 months, respectively). F patients receiving WBRT post BC-LMD diagnosis had a higher overall survival median time (6.5 months) than those 
who did not receive WBRT (2.7 months). HR + Hormone Receptor Positive; HER2 + Human Epidermal Growth Factor Receptor 2-Positive; TNBC Triple 
Negative Breast Cancer; LMD Leptomeningeal Disease; WBRT Whole Brain Radiation Therapy; IT Intrathecal; HR Hazard Ratio; CI Confidence Interval
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suggesting HR + BC-LMD likely comprises the major-
ity of all cases (range 48–66%), and rates of HER2 + and 
TNBC-LMD are more variable [12–16]. HER2 + BC-
LMD represents 14–47.4% of all cases, and TNBC-LMD 
varies between 13.1 and 40% across studies [12–16]. The 
proportion of HR + patients was similar in our study at 
51% compared to HER2 + BC-LMD (27%) and TNBC 
(22%).

The median age of BC diagnosis in the current study of 
51 years [22–79 years] is lower than the average reported 
with a disease peak around age 60 [17, 18]. Although the 
median age at diagnosis of BC appears to vary across 
nations, and a similar median age has been reported in 
other regions across the globe [19]. Data has suggested 
young age being a poor prognostic factor in BC and asso-
ciated with more aggressive presentations at diagnosis 
of metastatic BC [20]. Our current data may support 
this and may reflect an age shift to a younger popula-
tion with a predisposition to develop LMD. Future pro-
spective studies may help elucidate this. BC subtype was 
associated with the time between CNS metastasis and 
BC-LMD diagnoses. TNBC had the fastest progression 
to BC-LMD compared to HR + and HER2 + BC-LMD. 
Even though HER2 + cancer may have a predispo-
sition for CNS invasion, a tendency to invade the 

leptomeninges has not been clinically revealed [1, 21]. It 
has been shown that increased survival in patients with 
BC generally correlates with increased incidence of CNS 
metastases [22]. Prolonged survival and risk of develop-
ing metastases, may confer a greater risk of developing 
BC-LMD [14]. Historically, HER2 + and TNBC have car-
ried an increased risk of developing CNS metastasis, and 
an associated decreased survival relative to HR + disease 
[23, 24]. Earlier work suggested no difference among BC-
LMD based on the molecular subtype [25]. However, our 
findings support more recent studies demonstrating an 
increased risk of developing LMD for TNBC [12, 13, 15, 
16, 26].

This study also suggests that the use of any systemic 
treatment and/or WBRT post-CNS metastasis may delay 
progression from to BC-LMD. HR + patients receiving 
hormone therapies and/or kinase inhibitors may experi-
ence prolonged times between CNS metastasis and LMD 
diagnosis. For HER2 + patients, treatment with lapat-
inib demonstrated similar results. However, the stud-
ies stringent criterion for stratifying patients by at least 
a one-month period between CNS metastasis and LMD 
severely reduced the total patient sample from 128 to 
48 patients. Factors shown to contribute to the devel-
opment of LMD from CNS metastasis include genomic 

Fig. 4 Kaplan Meier analysis of BC-LMD patients receiving different combinations of WBRT, Systemic Therapy, and/or IT therapy. Patients receiving 
only IT, systemic + IT, WBRT + IT, WBRT + systemic therapy, or all three therapies had a significantly longer median OS than patients that received 
no therapy (p < 0.05, respectively). Compared to WBRT alone, patients receiving WBRT + systemic therapy or WBRT + systemic therapy + IT therapy 
had a significantly longer median OS (p < 0.0001, respectively). BC-LMD Breast Cancer Leptomeningeal Disease; OS Overall Survival; IT Intrathecal 
Therapy; WBRT Whole Brain Radiation Therapy
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alterations independent of primary tumor site in MAPK, 
CDH2, and SF3BI displaying significant gain-, loss- and 
switch-of-function mutations, respectively [27].

Due to the exploratory, retrospective nature of our 
study and the limited number of patients from whom 
data is available for analysis, we can only begin to exam-
ine the associations between treatment variables and 
patient outcomes. In many cases, patients received a 
combination of therapies, potentially confounding the 
associations or individual therapies with outcome. Fol-
low-up, prospective studies analyzing significantly larger 
patient samples and basic science investigations in animal 
models of LMD are required to definitively determine 
factors that directly influence time between CNS metas-
tasis and BC-LMD. For example, we found that patients 
with HER2 + BC and LMD who received any hormone 
therapy had significantly longer times between their CNS 
metastases and LMD diagnosis, however, this could be 
due to endocrine therapy itself or it could be due to the 
nature of HR + endocrine sensitive disease.

Survival did not change over the study period. Five 
cases identified in the first two years of the study sur-
vived longer than two years, but survival over the dec-
ade remained static after accounting for these outliers. 
Median survival after the diagnosis of BC-LMD was 
4.7  months in this study. TNBC LMD had the shortest 
median survival of 2 months, followed by 5.3 months in 
HR + and 8.4  months in HER2+. These findings concur 
with previous studies and BC-LMD survival depending 
on BC subtype [26, 28]. While longer survival for patients 
with HER2 + BC-LMD likely stems from HER2 targeted 
systemic and IT chemotherapy [1, 21, 26, 29], differences 
in survival in HR + or TNBC may be driven by other fac-
tors. Patients with HR + BC-LMD were five times as 
likely to receive systemic therapy and four times as likely 
to receive IT chemotherapy following BC-LMD diagno-
sis compared to those with TNBC. Therefore, intention 
to treat may be a primary driver of prolonged survival, 
but other factors including poor performance status and 
extent of extracranial metastatic disease potentially con-
found this data [28]. Even so, we were unable to identify 
any other single factor accounting for differences in sur-
vival among patients with HR + or TNBC.

The use of systemic therapy and IT chemotherapy was 
associated with improved survival following the diagno-
sis of LMD regardless of HR subtype. IT trastuzumab 
was associated with prolonged survival in HER2 + LMD 
[26, 30, 31]. In 2018, the first phase 1 study of IT tras-
tuzumab showed 150 mg weekly dosing achieved steady-
state levels after 1 week and was well tolerated [32]. Prior 
to this publication, patients with HER2 + LMD treated at 
our institution received weekly IT doses of trastuzumab 
of less than 150 mg. Our study supports the idea that IT 

trastuzumab dosing (i.e. physiologic dosing) may result in 
improved survival for patients with HER2 + disease.

To maximize IT HER2 targeted therapy, our institu-
tion opened a phase I/II study of radiotherapy followed 
by IT trastuzumab and pertuzumab in patients with 
HER2 + BC-LMD to evaluate safety and treatment out-
comes (NCT04588545) [29]. Radiotherapy can eliminate 
tumor blockages within the leptomeninges, allowing for 
IT therapy to properly flow along the CSF [33]. The cur-
rent study, however, found no statistical difference in the 
OS between patients who received only IT therapy ver-
sus WBRT and IT therapy. However, the latter cohort 
included only four patients, and further investigation is 
warranted.

There is an increasing interest in HER2-targeting thera-
pies in BC-LMD. Prior studies showed that pertuzumab-
based therapies improved progression-free survival (PFS) 
when used with trastuzumab and taxanes, and when 
given as a first or second-line chemotherapy [34–36]. Of 
particular interest in the current study, ten HER2 + BC-
LMD patients exhibited a significant increase in OS asso-
ciated with systemic treatment with lapatinib, a reversible 
tyrosine kinase inhibitor (TKI) [37, 38]. Previous studies 
in non-LMD HER2 + advanced BC patients showed that 
lapatinib with capecitabine is well tolerated [39] and 
improved PFS to 8.4  months versus 4.4  months using 
capecitabine alone [40]. Lapatinib + capecitabine BC 
brain metastases showed overall response rates (ORR) 
of 59.1% among treatment naïve patients [41] and 21% 
among patients who may or may not have been exposed 
to either agent previously [42]. However, the CEREBEL 
trial demonstrated no difference in PFS between capecit-
abine plus either lapatinib or trastuzumab [43].The 
EMILIA trial showed that lapatinib plus capecitabine was 
both less tolerable and less efficacious than trastuzumab 
emtansine in prolonging PFS [44]. The LANTERN trial, 
a phase II trial comparing lapatinib-capecitabine versus 
trastuzumab-capecitabine therapy in HER2 + BC with 
CNS metastasis showed no significant difference in PFS 
but a trend favoring trastuzumab-capecitabine [45]. 
Aside from two case studies, there is no prospective data 
describing the efficacy of lapatinib in the treatment of 
BC-LMD [46, 47].

Neratinib and pyrotinib are similar to lapatinib 
except that they irreversibly bind to the HER intra-
cellular phosphorylase domain and have efficacy in 
BC brain metastases [38]. The NALA trial compared 
lapatinib and neratinib and both with capecitabine in 
BC brain metastases and showed similar ORR (26.7% 
versus 32.8%, respectively), but significantly longer 
duration of response for neratinib rather than lapat-
inib (8.5 vs. 5.6  months, respectively). The benefits of 
these TKIs were overshadowed by the combination of 
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T-DM1 and tucatinib, as tolerability was better and effi-
cacy was at least as good for these agents [16, 38]. Ner-
atinib + capecitabine enhanced OS to 10  months and 
improved neurological symptoms in 60% of patients with 
HER2 + BC LMD [48]. Tucatinib is a newer TKI that has 
shown activity in HER2 + BC brain metastases, when 
combined with trastuzumab and capecitabine [49–51]. 
CSF pharmacokinetic analysis revealed detectable levels 
of tucatinib within 2 h of administration (NCT03501979) 
[52]. Further studies using TKIs in BC-LMD are needed. 
Other studies evaluated these agents in CNS metastases 
and the ORR in BC-LMD was not established.

At the present time, there is a lack of effective treat-
ments in TNBC-LMD. The current study showed an 
association between IT therapy and OS among BC-LMD 
patients, supporting prior studies [26]. Similarly, we 
found that patients with TNBC-LMD were less likely to 
receive treatment after their LMD diagnosis. Prospective 
trials specifically targeting TNBC-related LMD are criti-
cally needed.

A general observation based on the current data con-
forms with previous work showing that treatment of any 
type following diagnosis of BC-LMD improved survival 
to 6.54  months [3, 26, 28]. It might be surmised that 
greater intention to treat would improve survival, as this 
study found that patients that did not receive any treat-
ment survived a median of 1.07  months. It is often the 
case that patients who are eligible to receive these treat-
ments are initially well enough to tolerate them compared 
to those not receiving treatment, limiting the strength 
of a median survival comparison between these patient 
groups. Survival has also been shown to vary when con-
sidering diagnostic modality: cytology versus MRI alone 
[2]. However, we found no difference in OS based on the 
diagnostic modality. This contradiction may relate to our 
exclusion of cases of BC-LMD, which were treated on 
clinical suspicion of LMD but for which no CSF cytology 
or MRI evidence of disease was found [21]. Furthermore, 
no differences in the proportion of patients diagnosed 
by each individual diagnostic modality was observed 
between 2011 and 2015 (97% MRI; 3% CSF; 28% Both) vs 
2016–2020 (96% MRI; 4% CSF; 48% Both) with a greater 
number of patients receiving both MRI and CSF cytology 
in the latter half of the decade. The lack of novel, more 
effective diagnostic modalities in determining LMD is 
a prominent clinical barrier, accentuating the need for 
superior approaches to identify disease presence. There 
may also be improving awareness and recognition of typ-
ical radiographic LMD features, which increases the sen-
sitivity of MRI in our institution.

To expand systemic treatment affecting CNS and 
LMD-related cancer, various novel immunotherapy 
approaches are being assessed in the management of 

BC-LMD. The use of systemic pembrolizumab [53] 
or systemic ipilimumab and nivolumab [54] showed 
promise for a variety of LMD patients (most of whom 
had LMD from BC), but the median survival was only 
3.6 months and 2.9 months, respectively. Only 11 patients 
at our institution received systemic immunotherapy fol-
lowing diagnosis with BC-LMD, and no associated ben-
efit was found. An alternative approach in trials now 
includes IT bispecific antibody-armed T-cells that can be 
directed against HER2 (NCT03661424). A similar trial 
with IT HER2-directed chimeric antigen receptor (CAR) 
T cells (NCT03696030) is currently recruiting.  A phase 
3 study is planned to use the systemic administration 
of blood-CSF penetrant drug ANG1005 (a paclitaxel-
peptide conjugate that crosses the blood CSF barrier 
via a low-density lipoprotein receptor-related protein-1 
(LRP-1) mediated transcytosis). A phase 2 study with 
the same agent showed activity and an average survival 
of 8 months in BC patients with LMD [55]. At the time 
of this report, there are only 23 recruiting or active clini-
cal trials in the US targeting LMD generally and only 12 
targeting BC-LMD which are summarized in Additional 
file 1: Table S3. Even with observed improvements in out-
comes for HER2 + BC-LMD, the need to find new thera-
pies which improve OS in BC-LMD is dire. Overall, while 
this data is limited to a single center, retrospectively ana-
lyzed experience here at MCC, the reported outcomes 
of this study provide an exploratory report of BC LMD 
cases which can be used to inform clinical decisions and 
influence the direction of future research.
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The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13058- 024- 01789-7.

Additional file 1: Supplementary Table 1. Univariable Cox propor-
tional hazard regression analysis to estimate Hazard Ratios (HR) and 95% 
confidence intervals (CI) for various treatments administered to patients 
post CNS metastasis/pre BC-LMD diagnosis. Treatments that were found 
to significantly prolong time between CNS metastasis and BC-LMD are 
highlighted in red.  Supplementary Table 2. Univariable Cox propor-
tional hazard regression analysis to estimate Hazard Ratios (HR) and 95% 
confidence intervals (CI) for various treatments administered to patients 
post BC-LMD diagnosis. Treatments found to significantly enhance overall 
survival are highlighted in red. Abbreviations: Hormone Receptor Positive 
(HR+); Human Epidermal Growth Factor Receptor 2-Positive (HER2+); 
Triple Negative Breast Cancer (TNBC); Immune Checkpoint Inhibitors (ICI); 
Intrathecal Therapy (IT); Systemic (sys); Whole Brain Radiation Therapy 
(WBRT); Hazard Ratio (HR); Confidence Interval (CI). Supplementary 
Table 3. Actively recruiting or upcoming but not yet recruiting clinical tri-
als including breast cancer patients with metastasis to the leptomeninges. 
Abbreviations: Leptomeningeal Disease (LMD); Radiotherapy (RT) or (XRT); 
Whole Brain Radiation Therapy (WBRT); Hormone Receptor Positive (HR+); 
Human Epidermal Growth Factor Receptor 2-Positive (HER2+); Intrathecal 
Therapy (IT).

Additional file 2: Supplementary Figure 1. Kaplan-Meier estimates 
and multivariate analyses for treatments that affect time between CNS-
metastasis diagnosis and BC-LMD diagnosis in HR+ BC patients. A) HR+ 
patients that received any hormone therapy experienced a significantly 
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longer median time between breast cancer CNS-metastasis diagnosis and 
BC-LMD (25.6 months) compared to patients that did not (4.6 months). In 
particular, HR+ patients receiving the hormone therapy letrozole (B) had 
a longer median time between CNS-metastasis and BC-LMD compared 
to patients that did not (27.3 months vs 4.9 months, respectively). Patients 
receiving hormone therapy exemestane (C) also experienced longer times 
between CNS metastasis and LMD (27.8 months) compared to those 
patients that did not (6.1 months). D) HR+ patients receiving CDK4 and 
CDK6 selective inhibitor Palbociclib post CNS-metastasis experienced 
longer times between CNS metastasis and BC-LMD diagnoses compared 
to those that were not treated with Palbociclib (26.8 vs 7.2 months). E) 
HR+ patients receiving kinase inhibitor Everolimus experienced signifi-
cantly longer times between CNS metastasis and BC-LMD (27.6 months) 
compared to those that did not (7.2 months). F) Multivariate analysis dem-
onstrates that exemestane and Palbociclib are significant in delaying pro-
gression from CNS metastasis to BC-LMD in HR+ patients. Abbreviations: 
Leptomeningeal Disease (LMD); Hazard Ratio (HR); Confidence Interval 
(CI). Supplementary Figure 2. Kaplan-Meier estimate for the efficacy of 
systemic lapatinib in delaying progression of CNS metastasis to BC-LMD in 
HER2+ positive BC-patients. HER2+ Patients receiving systemic lapatinib 
post CNS metastasis diagnosis had a median time of 20.9 months before 
BC-LMD diagnosis, compared to a median time of 5.7 months for patients 
of any BC subtype who did not receive systemic lapatinib. Abbrevia-
tions: Breast Cancer (BC); Central Nervous System (CNS); Leptomeningeal 
Disease (LMD). Supplementary Figure 3. Kaplan-Meier estimate for 
surgery and radiosurgery affecting time between BC CNS metastasis and 
BC LMD. Patients who underwent tumor resection (A) or radiosurgery (B) 
did not experience differences in time between CNS metastasis and LMD 
when compared to patients who did not undergo these respective treat-
ments. Abbreviations: Breast Cancer (BC); Central Nervous System (CNS); 
Leptomeningeal Disease (LMD). Supplementary Figure 4. Kaplan-Meier 
estimate for treatments affecting overall survival in HR+ BC-LMD patients. 
Patients receiving intrathecal therapy (A) had a significantly higher median 
overall survival time (9.9 months) when compared to HR+ patients that 
did not receive any intrathecal therapy (2.6 months). More specifically, 
HR+ patients receiving intrathecal methotrexate (B) had a higher median 
overall survival time (9.5 months) compared to those that did not (2.9 
months). Abbreviations: Hormone Receptor Positive (HR+); Breast Cancer 
Leptomeningeal Disease (BC-LMD). Supplementary Figure 5. Kaplan-
Meier estimate for treatments affecting overall survival in HER2+ BC-LMD 
patients post BC-LMD diagnosis. A) HER2+ patients receiving systemic 
therapy had a higher median overall survival time (12 months) com-
pared to those that did not receive any systemic treatment (1.9 months). 
B-C) Specifically, overall median survival time was higher in patients 
receiving systemic trastuzumab (12.7 months) and/or systemic lapatinib 
(9.8 months) when compared to patients that did not (7.2 months; 7.4 
months, respectively). D) HER2+ BC-LMD patients receiving intrathecal 
therapy had a higher median overall survival time (12.6 months) than 
those that did not (1.5 months). All HER2+ patients receiving IT therapy 
received IT trastuzumab. Abbreviations: Human Epidermal Growth Factor 
Receptor 2-Positive (HER2+); Breast Cancer Leptomeningeal Disease (BC-
LMD). Supplementary Figure 6. Kaplan-Meier estimate for treatments 
affecting overall survival in TNBC-LMD patients post BC-LMD diagnosis. 
A) TNBC-LMD patients receiving systemic therapy had a higher median 
overall survival time (3.4 months) compared to those that did not receive 
any systemic treatment (1.2 months). B) TNBC-LMD patients receiving 
intrathecal therapy had a higher median overall survival time (8.9 months) 
than those that did not (1.1 months). Abbreviations: Triple Negative Breast 
Cancer (TNBC); Breast Cancer Leptomeningeal Disease (BC-LMD).
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